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ABSTRACT 


Results obtained from the analysis of data returned by the 
Aerospace Corporation energetic particle spectrometer on ATS- 6 
are presented. The work reported here emphasizes study of the 
energetic electron environment and the effects of the solar wind 
parameters on the energetic electrons trapped at the synchronous 
altitude. 
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I. Introduction 

This report summarizes the work performed under NASA Contract NAS5-23788 at 
The Aerospace Corporation. The tasks performed under this contract consisted of the 
reduction of data obtained by The Aerospace Corporation experiment on ATS-6 and of 
scientific analysis of the data. 

During the period covered by this contract we have reduced virtually all C^95%) of 
the data obtained by our experiment during 1974, 1975 and 1976. Data covering the first 
half of 1977 have also been reduced. These data have been used to develop a description 
of the energetic electron environment at the synchronous altitude in the 1974-1977 
interval. We have also used ATS-5 data (obtained from Dr. C. E. Mcllwain of UCSD) to 
extend our overview of the energetic electron population of the synchronous orbit back to 
1969. 

We have also continued our analysis of the effects of variations of of the solar wind 
parameters on the energetic electron population. In this connection we have acquired the 
data sets required for correlative studies from various sources, including NSSDC. 

A plan for transfer of ATS-6 data has been developed, coordinated with NSSDC and 
is being implemented. 

Each of these efforts is described below. 
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II. Progress in Data Reduction 
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A. ATS-6 Data Reduction 

Data reduction activities proceeded smoothly during FY 77, interrupted 
occasionally by the inevitable machine hardware and systems software problems. First 
pass reduction of data between Day 165, 1974 and Day 120, 1977 was completed by July 
1977. We then returned to attempt to process the days of data (in 1974 and 1975) which 
had resisted reduction on the first try. This sub-project was completed by early 
September 1977, with the result that we believe we have reached the point of diminishing 
returns with all but 6 and 4 days of data processed for 1974 and 1975, respectively. In 
September 1977 we resumed mass processing of data obtained during 1977 with the result 
that at the time of writing, we have processed most of the 1977 data through Day 180. 

Appendix A contains a listing of the days of data processed. 

B. ATS-1 Data Reduction 

The ATS-1 spacecraft, stationed at 150®W contains an experiment (developed by 
Aerospace) which measures the fluxes of energetic electrons above energy thresholds 
similar to those of our ATS-6 experiment. The Aerospace ATS-1 experiment continues to 
be operational and data have been acquired from this experiment during several time 
intervals: mid-1974 - during -the initial operations of ATS-6, early-to-middle 1975, during 
the move of A1S-6 from 94°W to 35°E longitude and in late 1976, during the return of 
ATS-6 from 35°E to 140®W. 

Although preliminary reduction of all ATS-1 data obtained in 1974 and 1975 
has been completed, we find that the data presentation formats are inconvenient for easy 
comparison of ATS-1 data with ATS-6 data. Accordingly we are modifying the ATS-l data 
reduction program to be compatible in output with the ATS-6 software. With this 
modification, we expect to be able to normalize the A're-l data to the ATS-6 results and 
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then be able to perform an unambiguous determination of the variation of energetic 

electron fluxes with spacecraft longitude (really magnetic latitude). In addition, with the 

retrieval of our 1966-1968 ATS-1 data deposited with NSSDC the combined ATS^l-,ATS-5 

and ATS-6 data sets will give us coverage of the energetic electron environment from 

* 

1966 through 1977. 


C. Utilization of ATS-5 Data 

The ATS-5 spacecraft, launched in 1969 and stationed at 105°W contains an 
experiment (developed by UCSD) which measures energetic electrons above several energy 
thresholds. The measurements made by ATS-5 are in many respects similar to the ATS-6 
data. We have obtained a copy of a tape from Dr. C. E. Mellwain which contains the daily 
average fluxes of electrons (and solar protons) above several thresholds observed by ATS-5 
from mid-1969 to early 1972. In addition, ATS-5 was turned on in mid-1974 during the 
early operation of ATS-6. It is thus possible to normalize these data sets and thus obtain 
an overview of the behavior of the energetic electrons at synchronous during a major 
fraction of the solar cycle. We have developed a program to present the UCSD ATS-5 
data in a format compatible with the ATS-6 presentation. Figure 1 shows a sample of the 
ATS-5 results. 
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Figure 1. Running 27-day averages of four channels of ATS-5 data for 1969 presented 
in a format identical to ATS-6 data presenttion. Trace at bottom of each 
panel indicates polarity of interplanetary magnetic field. Similar data 
plots have been prepared for 1970, 1971 and portions of 1972 and 1974. 
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Scientifie Analysis 




A. Energetic Electrons at the Synchronous Altitude 1969-1977 

1. Analysis of ATS-6 Data 

Appendix B contains a report which describes the analysis we have carried out to 
date on the ATS-6 data in order to develop a picture of the behavior of the energetic 
electrons during the period of near solar minimum - the years 1974-1977. 

2. Merging of ATS-5 and ATS-6 Data 

The ATS-5 data, briefly mentioned earlier, has been combined with the ATS-6 data 
to give an overview of the properties of the energetic electron population at the 
synchronous orbit since 1969. Recall that the last maximum of solar activity, as measured 
by the Zurich sunspot number, occurred in 1969, with the subsequent miminum in the solar 
cycle estimated to have occurred in mid-1976. Thus the combination of ATS-5 and ATS-6 
data, shown in Figure 2 cover more than half of a solar cycle, with only a two year data 
gap between mid-1972 and mid-1974. Several qualitative conclusions can be drawn from 
an examination of Figure 2. 

a. There does not appear to be any major variations of the energetic electron 
radiation correlated with the solar cycle, although small, (less than a factor 
of two) effects may well be present. 

b. The range of the variability of the electron fluxes is more or less constant as 
a function of solar activity. For example, a factor of 50 peak-to-peak 
excursions in the running 27-day average E4 (> 3.9 Mev) flux are evident in 
the ATS-6 data as well as in the comparable ATS-5 channel. 

B. Effects of Solar Wind Parameters on the Energetic Electron Population 

Last year we reported finding a substantial variability of the energetic electron 
fluxes which was correlated with the passage of the sectors of the interplanetary 
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OMNI DIRECT lONAL FLUX (CM” --2 SEC» 


ATS-5 AND ATS-e 27 DAY FLUX AUER AGES WITH SUNSPOT NUMBERS 



YEAR 


Figure 2. ATS-6 data and ATS-5 data (normalized to ATS-6 using the data overlap in 
1974) on omnidirectional electron fluxes are plotted versus time. The data 
are running 27-day averages of fluxes E2>0.7 MeV, E3>1.55 Mev and 
E4> 3.9 MeV. Also shown are the smoothed monthly sunspot numbers. 
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magnetic field past the earth. In FY 77 we have continued studying this phenomenon using 
the now much larger data base available to us and have expanded the study to include 
correlation of the energetic electron fluxes with other parameters of the solar wind, for 
example the solar wind velocity. In order to perform such correlations we have acquired 
from NSSDC, LASL and MIT data on the solar wind plasma covering the periods of 
interest. We are now proceeding with such correlation analysis. 

A preliminary result is illustrated in Figure 3 where we have superimposed a plot of 
the solar wind velocity (delayed by li days) on a plot of the energetic electron fluxes. 
This plot clearly illustrates the very close correlation between solar wind velocity and 
energetic electron fluxes, if a ’’generation time” of li days is postulated. 
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Figure 3. Energetic eleetra fluxes (150 Kev< El< 600 Kev, E2^ 0.7 Mev, E321.55 MeV 
and E4>3.9 MeV) and solar wind speed (delayed by" 1.5 days) plotted as a 
function of time for solar rotation 1935. Trace at bottom of page indicates 
polarity of interplanetary magnetic field. 
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IV. Transfer of Data to NSSDC 


We have prepared a plan for submission of our data to NSSDC. Briefly, we plan to 
transfer hourly averages of our data in blocks ordered by calendar year. In preparation for 
this transfer we have already completed processing all data for 1974 that can be processed 
with reasonable effort. All 1974 hourly average data has been inspected and bad data 
points, mis-identified days and other anomalies have been edited out or corrected. We 
expect that the 1974 data can be transferred to NSSDC by November, 1977 with the 1975 
and 1976 data following at approximately monthly intervals. 

In addition to transferring the hourly averaged data, we also plan to transfer ap- 
proximately one hundred days of typical ATS-6 data in a format which contains the 
highest time resolution (A t = 1 sec) contained in our measurements. The data tape format 
for these data tapes has been coordinated with NSSDC. 

We are preparing a "Users Guide to Aerospace Corp. ATS-6 Data." This document, 
to be included in the transfer to NSSDC, contains description of the experiment, the data 
reduction and analysis procedures we use, descriptions of the several formats of data 
tapes, listing of experiment and data anomalies as well as a compilation of papers and 
reports resulting from the ATS-6 data. 
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1974 
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13/22/76 

214 

8 

2 


409 

D44769 

HD 

lC/22/76 

215 

3 

3 


410 

045767 

HO 

06/15/77 

216 

8 

4 


411 

344724 

HO 

08/15/77 

217 

8 

5 

1975 

412 

0*44747 

HD 

08/15/77 

218 

8 

6 

1975 

413 

044777 

HO 

11/30/76 

219 

8 

7 

1975 

414 

044745 

HO 

12/04/76 

220 

8 

8 


415 

044774 

HD 

10/15/76 

221 

8 

9 


41 6 

044732 

HO 

11/30/76 

222 

8 

1C 


417 

044757 

HD 

10/22/76 

223 

8 

11 


418 ' 

344740 

HD 

10/22/76 

224 

8 

1 2 

1975 

419 

044744 

HO 

10/22/76 

225 

8 

13 

1975 

420 

C44778 

HO 

lG/22/76 

226 

8 

14 

1975 

421 

C44779 

HD 

10/22/76 

227 

8 

15 

1975 

422 

944761 

HD 

iC/22/76 

228 

8 

16 

1975 

423 

044763 

HO 

12/34/76 

229 

8 

17 


424 

044768 

HD 

11/04/76 

238 

8 

18 

1975 

42 5 

044837 

HO 

11/23/76 

231 

8 

19 


426 

044868 

HO 

11/23/76 

232 

8 

20 


427 

044858 

HO 

11/23/76 

234 

8 

22 

1975 

428 

044851 

HD 

12/04/76 

235 

8 

23 

1975 

429 

044849 

HO 

11/22/76 

236 

8 

24 


430 

044839 

HO 

C8/11/77 

237 

8 

25 


431 

D44836 

HD 

11/19/76 

238 

8 

26 

1975 

432 

044867 

HO 

12/04/76 

239 

8 

27 

1975 

433 

044865 

HO 

12/04/76 

240 

8 

28 

1975 

434 

C44844 

HD 

11/19/76 

241 

8 

29 

1975 

435 

044861 

HO 

C8/12/77 

242 

8 

30 

1975 

436 

044845 

HD 

11/23/76 

243 

8 

31 

1975 

43 7 

G44838 

HO 

11/23/76 

244 

9 

1 


430 

C44846 

HO 

12/03/76 

245 

9 

2 

1975 

439 

C45744 

HO 

08/12/77 

246 

9 

3 

1975 

440 

04^872 

HO 

11/23/76 

247 

9 

4 

1975 

441 

C44848 

HO 

08/12/77 

248 

9 

5 

1975 

442 

044853 

HD 

11/23/76 

249 

9 

6 


443 

C44841 

HO 

11/23/76 

25Q 

9 

7 

1975 

444 

044842 

HO 

12/84/76 

251 

9 

8 

1975 

445 

044847 

HD 

12/84/76 

252 

9 

9 


446 

044843 

HO 

11/22/76 

253 

9 

10 


44 7 

C4484C 

HD 

12/04/76 

254 

9 

11 

1975 

448 

044873 

HO 

08/12/77 

255 

9 

12 


449 

044871 

HD 

08/12/77 

256 

9 

13 

1975 

453 

044864 

HD 

12/04/76 

257 

9 

14 

1975 

451 

044859 

HO 

12/34/78 

258 

9 

15 


452 

044863 

HO 

12/04/76 

259 

9 

. 16 

1975 

453 

044860 

HO 

11/19/76 

268 

9 

17 


454 

044856 

HO 

11/19/76 

261 

9 

18 

1975 

455 

Q44866 

HO 

12/C4/76 

262 

9 

19 

1975 


«f56 

044855 

HO 

12/1C/76 

263 

9 

20 


457 

044857 

HO 

12/10/76 

264 

9 

21 

1975 

458 

C44854 

HO 

12/10/76 

265 

9 

22 

1975 

459 

044862 

HO 

12/10/76 

266 

9 

23 

1975 

460 

044870 

HD 

12/1C/76 

267 

9 

24 

1975 

461 

044874 

HO 

12/10/76 

268 

9 

25 

1975 

462 

045746 

HO 

C8/12/77 

269 

9 

26 

1975 

463 

G4453C 

HO 

J7/C1/76 

275 

9 

27 

1975 

46 4 

044527 

HO 

07/C1/76 

271 

9 

27 

1975 

465 

C44531 

HD 

C7/CU/76 

272 

9 

29 

1975 

466 

044526 

HO 

07/G1/76 

273 

9 

30 

1975 

467 

'C44534 

HO 

06/30/76 

274 

15 

1 

1975 

468 

044535 

HD 

06/30/76 

275 

15 

2 

1975 

469 

044533 

HD 

S6/3D/76 

276 

10 

3 

1975 

470 

044519 

HD 

86/30/76 

277 

10 

4 

1975 

471 

C44525 

HO 

G7/01/76 

278 

10 

5 

1975 

472 

044463 

HD 

07/C1/76 

279 

10 

6 

1975 

473 

044532 

HO 

C7/01/76 

280 

10 

7 

1975 

474 

044529 

HC 

G7/C1/76 

281 

13 

8 

1975 

475 

0449C2 

HO 

12/22/76 

282 


9 

1975 

476 

044912 

HD 

12/22/76 

283 

10 

10 

1975 

477 

044916 

HO 

12/22/76 

284 

10 

11 

1975 

478 

044914 

HO 

12/22/76 

286 

10 

13 

1975 

47 9 

D45766 

HD 

08/15/77 

287 

12 

14 

1975 

480 

Q44869 

HD 

12/21/76 

288 

10 

15 

1975 

481 

044911 

HO 

12/21/76 

289 

10 

16 

1975 

482 

044528 

HO 

12/21/76 

293 

10 

17 

1975 

483 

044913 

HO 

12/22/76 

291 

10 

18 

1975 

484 

044917 

HO 

12/22/76 

292 

10 

19 

1975 

485 

044915 

HO 

12/22/76 

293 

10 

2C 

1975 

486 

044893 

HO 

12/22/76 

294 

10 

21 

1975 

487 

044891 

HD 

12/22/76 

295 

10 

22 

1975 

488 

044918 

HO 

12/22/76 

296 

13 

23 

1975 

489 

0449U5 

HO 

12/22/76 

297 

15 

24 

1975 

490 

044897 

HO 

12/22/76 

298 

10 

25 

1975 

491 

044910 

HD 

12/22/76 

299 

10 

26 

1975 

492 

044895 

HO 

01/10/77 

303 

13 

27 

1975 

493 

044899 

HO 

12/27/76 

301 

10 

28 

1975 

494 

044909 

HD 

ri/26/77 

302 

10 

29 

1975 

495 

045750 

HD 

C8/11/77 

303 

10 

30 

1975 

496 

Q44898 

HO 

12/27/76 

304 

10 

31 

1975 

497 

045747 

HO 

08/11/77 

355 

11 

1 

1975 

498 

C44906 

HO 

12/21/76 

306 

11 

2 

1975 

499 

044896 

HO 

12/21/76 

30 7 

11 

3 

1975 

50 0 

044892 

HO 

C8/11/77 

308 

11 

4 

1975 

501 

G44894 

HO 

21/07/77 

35 9 

il 

5 

1975 

50 2 

044907 

HD 

fil/07/77 

319 

11 

6 

1975 

50 3 

044903 

HO 

01/07/77 

311 

11 

7 

1975 

504 

045749 

HO 

38/12/77 

312 

11 

8 

1975 

50 5 

944901 

HO 

12/22/76 

313 

11 

9 

1975 

50 6 

0449Q4 

HO 

12/22/76 

314 

11 

10 

1975 

5Q7 

044929 

HO 

Cl/15/77 

315 

11 

11 

1975 

50 8 

044926 

HO 

01/26/77 

316 

11 

12 

1975 

509 

344925 

HO 

01/15/77 

317 

11 

13 

1975 

51Q 

044927 

HO 

Cl/15/77 

318 

11 

14 

1975 

511 

C4490C 

HO 

51/17/77 

319 

11 

14 

1975 

512 

044924 

HD 

01/17/77 

320 

11 

16 

1975 




513 

Q«»4g34 

045748 

HD 

Cl/17/77 

C6/15/77 

514 

HO 

515 

044928 

HO 

21/17/77 

516 

044922 

HD 

Ql/15/77 

517 

C44948 

HO 

01/15/77 

518 

044935 

HO 

Cl/15/77 

519 

844920 

HD 

01/15/77 

523 

244921 

HD 

Cl/2^/77 

521 

C44937 

HO 

Gl/24/77 

522 

044923 

HQ 

Cl/24/77 

523 

044933 

HD 

01/24/77 

524 

044931 

HO 

Cl/lH/77 

525 

C44942 

HD 

01/14/77 

526 

344947 

HD 

0,1/ 14/ 7 7 

52 7 

044932 

HO 

Qi/14/77 

52 8 

044938 

HO 

Cl/14/77 

529 

044940 

HD 

01/14/77 

532 

044939 

HD 

31/14/77 

531 

044945 

HD 

01/14/77 

532 

044936 

HD 

31/14/77 

533 

044943 

HO 

01/14/77 

534 

C44944 

HO 

01/14/77 

535 

C44941 

HD 

Cl/15/77 

536 

C44930 

044946 

HO 

31/15/77 

53 7 

HD 

31/15/77 

533 

045035 

HO 

C2/03/77 

539 

045039 

HO 

02/03/77 

543 

C45C28 

HD 

02/03/77 

541 

045033 

HO 

32/33/77 

542 

045001 

HO 

02/C3/77 

543 

045831 

HO 

C2/03/77 

544 

045021 

HO 

02/06/77 

545 

045005 

HO 

02/n8/77 

546 

0450C1 

HO 

02/03/77 

547 

045302 

HD 

32/C3/77 

548 

C45Qo7 

HD 

C2/C3/77 

549 

045P22 

HO 

02/33/77 

550 

045018 

HO 

C2/04/77 

551 

545017 

HO 

02/04/77 

552 

C45016 
04 5911 

HO 

G2/C4/77 

553 

HO 

G2/04/77 

554 

045009 

HD 

02/03/77 

555 

045000 

HO 

C2/03/77 

556 

G45034 

HO 

02/03/77 

557 

045036 

HD 

02/03/77 

558 

045024 

HO 

02/03/77 

559 

D4E025 

HO 

02/03/77 

568 

045010 

HO 

02/03/77 

561 

Q45038 

HO 

C2/03/77 

562 

04SCC6 

HD 

02/03/77 

563 

045326 

HD 

02/03/77 

56<f 

045032 

HD 

02/03/77 

565 

045020 

HO 

02/04/77 

566 

Q45029 

HD 

02/04/77 

567 

C45012 

HO 

02/04/77 

568 

045023 

HD 

02/04/77 

569 

C4S034 

HO 

02/03/77 


321 

11 

17 

1975 

322 

11 

18 

1975 

323 

11 

19 

1975 

324 

11 

20 

1975 

325 

11 

cl 

1975 

326 

11 

22 

1975 

327 

11 

23 

1975 

328 

11 

24 

19 75 

329 

11 

25 

1975 

330 

11 

26 

1975 

331 

11 

27 

1975 

332 

11 

28 

1975 

333 

11 

29 

1975 

334 

11 

30 

1975 

335 

12 

1 

1975 

336 

12 

2 

1975 

337 

12 

3 

1975 

338 

12 

4 

1975 

339 

12 

5 

1975 

340 

12 

6 

1975 

341 

12 

7 

1975 

342 

12 

8 

1975 

343 

12 

9 

1975 

344 

12 

10 

1975 

345 

12 

11 

1975 

346 

12 

12 

1975 

347 

12 

13 

1975 

348 

12 

14 

1975 

349 

12 

15 

1975 

350 

12 

16 

1975 

351 

12 

17 

1975 

352 

12 

18 

1975 

353 

12 

19 

1975 

354 

12 

20 

1975 

355 

12 

21 

1975 

356 

12 

22 

1975 

357 

12 

23 

1975 

358 

12 

24 

1975 

359 

12 

25 

1975 

36Q 

12 

26 

1975 

361 

12 

27 

1975 

362 

12 

28 

1975 

363 

12 

29 

1975 

364 

12 

30 

1975 

365 

12 

31 

1975 

1 

1 

1 

1976 

2 

1 

2 

1976 

3 

1 

3 

1976 

5 

1 

5 

1976 

6 

1 

6 

1976 

7 

1 

7 

1976 

8 

1 

8 

1976 

9 

1 

9 

1976 

10 

1 

10 

1976 

11 

1 

11 

1976 

12 

1 

12 

1976 

13 

1 

13 

1976 




S7t5 

C449P8 

HO 

S2/03/77 

14 

1 

14 

1976 


571 

045559 

HO 

06/15/77 

15 

1 

15 

1976 


572 

545027 

HO 

02/03/77 

16 

1 

16 

1976 


573 

045013 

HO 

02/04/77 

18 

1 

18 

1976 


S7U 

045014 

HD 

02/04/77 

19 

1 

19 

1976 


575 

045315 

HD 

02/04/77 

20 

1 

20 

1976 


576 

04SG37 

HD 

Q2/C4/77 

21 

1 

21 

1976 


577 

045071 

HD 

02/12/77 

22 

1 

22 

1976 


57 8 

045051 

HD 

G2/12/77 

23 

1 

23 

1976 


579 

345G59 

HO 

02/12/77 

24 

1 

24 

1976 


58C 

045063 

HD 

32/12/77 

25 

1 

25 

1976 


581 

045C6S 

HD 

02/18/77 

26 

1 

26 

1976 


582 

045086 

HO 

02/18/77 

27 

1 

27 

1976 


583 

045052 

HO 

22/18/77 

28 

1 

28 

1976 


58^t 

045085 

HO 

02/18/77 

29 

1 

29 

1976 


585 

045C53 

HD 

02/11/77 

30 

1 

30 

1976 


586 

045076 

HO 

02/11/77 

31 

1 

31 

1976 


587 

1345065 

HO 

02/11/77 

32 

2 

1 

1976 


588 

045C64 

HD 

32/11/77 

33 

2 

2 

1976 


589 

0450 55 

HO 

02/11/77 

34 

2 

3 

1976 


59fl 

0£^5589 

HD 

02/11/77 

35 

2 

4 

1976 


591 

045066 

HO 

02/11/77 

36 

2 

5 

1976 


592 

045087 

HO 

02/18/77 

37 

2 

6 

1976 


593 

045067 

HD 

02/12/77 

38 

2 

7 

1976 


59^* 

045054 

HO 

02/12/77 

39 

2 

6 

1976 


59 5 

C45126 

HD 

02/25/77 

40 

2 

9 

1976 


596 

045093 

HO 

02/12/77 

41 

2 

10 

1976 


597 

045075 

HO 

C2/12/77 

42 

2 

11 

1976 

O P 

598 

045050 

HD 

02/11/77 

43 

2 

12 

1976 


599 

G45C73 

HO 

02/11/77 

44 

2 

13 

1976 

►rl ^ 

63a 

045081 

HD 

02/11/77 

45 

2 

14 

1976 

Q 

601 

045083 

HD 

G2/11/77 

46 

2 

15 

1976 


60 2 

045058 

HO 

02/11/77 

47 

2 

16 

1976 


60 3 

045991 

HD 

02/11/77 

48 

2 

17 

1976 

JTs 

65 4 

045062 

HD 

02/11/77 

49 

2 

18 

1976 

c S 

605 

045092 

HO 

02/11/77 

50 

2 

19 

1976 


606 

045068 

HD 

02/11/77 

51 

2 

20 

1976 


60 7 

C45C56 

HO 

02/11/77 

53 

2 

22 

1976 

liTU 

60 8 

045061 

HD 

02/11/77 

54 

2 

23 

1976 


609 

045057 

HD 

02/12/77 

55 

2 

24 

1976 


613 

045090 

HO' 

02/12/77 

56 

2 

25 

19 76 


611 

245388 

HO 

02/12/77 

57 

2 

26 

1976 


612 

245084 

HO 

02/12/77 

58 

2 

27 

1976 


613 

045C69 

HO 

02/12/77 

59 

2 

28 

1976 


614 

045078 

HO 

32/12/77 

6S 

2 

29 

1976 


615 

Q45C74 

HD 

02/12/77 

61 

3 

1 

1976 


616 

045077 

HO 

02/12/77 

62 

3 

2 

1976 


617 

0450 82 

HD 

C2/11/77 

63 

3 

3 

1976 


618 

345972 

HO 

02/11/77 

64 

3 

4 

1976 


619 

245379 

HO 

02/11/77 

65 

3 

5 

19 76 


620 

045125 

HO 

02/26/77 

66 

3 

6 

1976 


621 

045134 

HO 

02/26/77 

67 

3 

7 

1976 


622 

045128 

HO 

92/26/77 

68 

3 

8 

1976 


623 

045133 

HD 

03/01/77 

69 

3 

9 

1976 


624 

045135 

HD 

C2/26/77 

7fl 

3 

18 

1976 


62S 

045151 

HO 

02/26/77 

71 

3 

11 

1976 


626 

045136 

HO 

02/25/77 

72 

3 

12 

1976 



627 

94S157 

HO 

92/25/77 

73 

3 

13 

1976 

628 

G45131 

HO 

02/25/77 

74 

3 

14 

1976 

629 

(145132 

HO 

C2/25/77 

75 

3 

15 

1976 

630 

045143 

HO 

82/26/77 

76 

3 

16 

1976 

631 

945146 

HO 

32/26/77 

77 

3 

17 

1976 

632 

045141 

HD 

92/26/77 

78 

3 

18 

1976 

633 

045145 

HO 

03/13/77 

79 

3 

19 

1976 

63h 

045144 

HO 

92/25/77 

81 

3 

21 

1976 

635 

045140 

H3 

92/25/77 

82 

3 

22 

1976 

636 

045137 

HD 

92/25/77 

83 

3 

23 

1976 

63 7 

045139 

HO 

02/26/77 

64 

3 

24 

1976 

63 8 

045155 

HO 

02/26/77 

85 

3 

25 

1976 

639 

'045174 

HO 

92/26/77 

86 

3 

26 

1976 

640 

04 5129 

hO 

05/36/77 

87 

3 

27 

1976 

641 

045138 

HD 

02/25/77 

88 

3 

28 

1976 

642 

045166 

HO 

02/25/77 

89 

3 

29 

1976 

643 

045130 

HD 

02/25/77 

90 

3 

30 

1976 

644 

045152 

HO 

92/25/77 

91 

3 

31 

1976 

645 

045147 

HO 

02/25/77 

92 

4 

1 

1976 

646 

045158 

HD 

02/25/77 

93 

4 

2 

1976 

647 

045171 

HO 

02/25/77 

94 

4 

3 

1976 

64 8 

045142 

HO 

92/25/77 

95 

4 

4 

1976 

649 

045149 

HO 

92/26/77 

96 

4 

5 

1976 

650 

045156 

HO 

02/26/77 

97 

4 

6 

1976 

651 

045172 

HO 

02/26/77 

98 

4 

7 

1976 

652 

045150 

HD 

02/26/77 

99 

4 

8 

19 76 

653 

045159 

HD 

02/26/77 

ICO 

4 

9 

1976 

654 

045161 

HO 

02/26/77 

101 

4 

10 

1976 

655 

045148 

HO 

02/26/77 

102 

4 

11 

1976 

656 ’ 

045170 

HD 

82/26/77 

10 3 

4 

12 

1976 

657 

C45160 

HD 

02/26/77 

104 

4 

13 

1976 

658 

045169 

HO 

02/28/77 

105 

4 

14 

1976 

65 9 

045177 

HO 

02/26/77 

106 

4 

15 

1976 

669 

045154 

HO 

92/26/77 

137 

4 

16 

1976 

661 

945175 

HD 

02/28/77 

108 

4 

17 

1976 

662 

045153 

HD 

02/26/77 

110 

4 

19 

1976 

663 

045173 

HO 

92/28/77 

111 

4 

20 

1976 

664 

045167 

HD 

02/28/77 

112 

4 

21 

1976 

665 

C45164 

HO 

02/28/77 

113 

4 

22 

1976 

666 

045168 

HO 

02/28/77 

114 

4 

23 

1976 

667 

045165 

HD 

D2/28/77 

115 

4 

24 

1976 

66 8 

045176 

HO 

32/28/77 

116 

4 

25 

1976 

669 

045162 

HO 

03/18/77 

117 

4 

26 

1976 

673 

045163 

HO 

02/28/77 

118 

4 

27 

1976 

671 

045178 

HD 

C2/28/77 

119 

4 

28 

1976 

67 2 
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Abstract 


A description of the energetic (140 kev to y 3.9 Mev) electron environment 
observed at the synchronous altitude during the 1974-1977 time interval is presented. 
These results were obtained by an experiment carried on the geostationary ATS-6 
spacecraft. Observations were made at several longitudes. Electron fluxes exhibit a 
complex temporal behavior ranging in time scale from a diurneil variation to a semi- 
annual variation. Average fluxes are computed and compared with earlier studies and 
models. 
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Energetic Electrons at the Synchronous Altitude 1974-1977 


I. Introduction 


The synchronous orbit, because of its obvious utility for terrestrial applications, 
is undoubtedly the single most heavily populated orbit in space. Many spacecraft, 
spread over longitude, are in this orbit today, and the plans of various nations (Ref. 1, 
Ref. 2) emphasize tin even heavier utilization of it for future communications, earth 
observations, meteorology, and data relay spacecraft. It is clear that the investment 
in such space systems is likely to run into the billions of dollars. 

The premium on a precise, quantitative understanding of the space environment 
and the impact of the environment on space systems is enormous. Even savings of 
fractions of a percent, derived as a result of better information regarding the 
energetic radia^on (for example, extending the life of a spacecraft and thus 
decreasing the replenishment rate) translate directly into savings which run into the 
tens of millions of dollars. 

The purpose of this report is to summarize, in a format useful to the designers 
and operators of synchronous orbiting of space systems, the observations of energetic 
electrons at the synchronous altitude made by The Aerospace Corporation particle 
spectrometer flown on the ATS-6 spacecraft. Preliminary results have been reported 
in a series of internal reports (Refs. 3-8). In this report we shall concentrate on 
defining the average properties of the electron population as it existed in the 1974- 
1977 time interval at the synchronous orbit. Thus this report can be viewed as a sequel 
to earlier work (Refs. 9-12) which treated the properties of the particle population at 
the synchronous orbit during earlier epochs. It seems useful to begin by describing 
some of the salient features of the ATS-6 observing program which we conducted and 
to point out how the present data and results may be similar to, or differ from, earlier 
work because of differences in epoch, instrumentation, spacecraft orientation and the 
location of the spacecraft in longitude. 

The observations described here were made between raid-1974 and early 1977. 
This time interval straddled to solar minimum (as defined by sunspot number) (Fig. 1). 
hi contrast, earlier observation of energetic radiation at the synchronous orbit made by 
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instruments aboard ATS-1 and ATS-5 were made during times near the peak of solar 
activity; late 1966 to early 1968 in the case of ATS-1 and mid 1969 to early 1972 in 
the case of ATS-5. As is well known, the magnetosphere is relatively more quiescent 
during periods of low solar activity as contrasted to the time period near solar 
maximum. As we shall see bplow, periodic manifestations of solar-wind 
magnetosphere interactions emerge prominently in the ATS-6 data; in contrast, 
impulsive solar events which occur at frequent intervals during solar maximum tmd 
tend to mask the more regular features of magnetospheric dynamics are infrequently 
observed in the present data set. The ATS-6 data is thus unique because it represents 
the first observations of the particle populations of the synchronous orbit made during 
the interval near solar minimum. 

The instrumentation used to obtain our data has been described elsewhere (Ref. 
13); a brief summary of the relevant features is given in Appendix A. Briefly, we 
measured the directional fluxes of electrons in the 140-600 kev interval and the 
omnidirectional fluxes above thresholds of 700 kev, 1,55 Mev and 3.9 Mev. >Energetic 
proton data were also obtained (during solar proton events; these data are not 
discussed here). 

The ATS-6 was earth oriented so that the eixes of the detectors were pointed 
radially outward along the earth-satellite line. Thus the (directional) 140-600 kev 
channel (El) measured only one segment of the angular distribution, the precise 
segment depending on the (rather variable) orientation of the local magnetic field with 
respect to the detector axis. The omnidirectional fluxes (E2, E3, E4) obtained from 
the ATS-6 data were obtained from countrates registered by particles which could 
reach the detectors through a Z'Tt' steradian acceptance angle looking out along the 
earth-satellite line. In contrast, on ATS-1, for example, the rapid spin of the 
spacecraft coupled with a relatively slow count accumulation time served to form a 
true average of the in situ radiation. 

During the period covered by our data, the ATS-6 spacecraft was moved several 
times to different longitudes. Because the geographic equator does not coincide 
everywhere with the geomagnetic equator, a spacecraft at the synchronous orbit may 
be at significantly different magnetic latitudes, depending on the longitude at which 
the spacecraft is stationed. ATS-6 observations began while the spacecraft was on the 


-39 



equator at 94°W, where the magnetic latitude is about 11*^. Subsequently the 
spacecraft was tnove^ to 35°E and finally to 140°W.' At both of these locations the 
magnetic equator is nearly coincident with the geographic equator. 

The displacment of the spacecraft as little as 11° off the magnetic equator has 
a significMt effect on the observations. We find that the geomagnetic field may quite 
often, particularly near local midnight, assume a configuration with a strong radial 
component, i.e. the magnetic field at 6.6 appears, at these times, to assume a con- 
figuration expected to be found near the inagnetotail. Such tail-like configurations are 
characterized by the absence of very energetic electrons. The fluxes observed at 
94°W, i.e. somewhat off the magnetic equator, exhibit a significantly more dynamic 
behavior on the timescale of a day than seen at the magnetic equator where the 
geomagnetic field exhibits a more regular behavior, however, the long-term average 
fluxes do not reflect a very significant longitudinal difference. Spacecraft longitude 
is taken as a parameter in the data analysis, although, as we shall see below, temporal 
variations in the average particle fluxes are considerably larger than effects due to 
change in longitude. 

For the purposes of this report, we have formed hourly averages, centered on 
the half hour, of all the electron data.presently-available to us. These hourly averages 
are the basic material from which further analysis proceeds. Daily averages, running 
27 day averages, probability distributions are all formed from hourly averages. 


n. Overview of the Observations 


Figures 2 through 5 give an overview of the observations of energetic electrons 
from mid 1974 through early 1977. Plotted here are daily averages of the electron 
fluxes, together with data on the sector structure of the interplanetary magnetic field 
as a function of time. The location in longitude of ATS-6 and the periods of spacecraft 
movement are indicated on the figures and separately summarized in Table I. 

The dynamic nature of the energetic electron fluxes, particularly at the higher 
energies, is immediately apparent. The dominant periodicity (in addition to the diurnal 
variations (see Refs. 11 and 15) which is not visible on a plot of daily averages) is the 
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TABLE I 


ATS-6 Geographic and Geomagnetic Locations 


Time Interval 

Geographic 

Longitude 

Magnetic Latitude 

Day 165, 1974-140, 1975 

94°W 

11° 

Day 140, 1975-180, 1975 

In transit 


Day ISO, 1975-2l’4, 1976 

35°E 

5° 

Dav 214, 1976-330, 1976 

In transit 


Day 330, 1976-present 

140‘’W 

0° 


Derived from UCLA ATS-6 Magnetometer Data 
(Courtesy R. L. McPherron) 











strong modulation of the energetic electron fluxes on a timescale corresponding to the 
solar rotation period as well on a timescale consistent with either a two- or .four- 
sector structure of the interplanetary field. (The effects of the interplanetary sector 
structure on the energetic particle population has been discussed previously in Ret. 
11 .). 

It will be immediately appreciated by the reader that long term averages of 
these data, used for the purposes of accurate estimates of the radiation environment, 
must be approached with caution becasue of the large veunation in the fluxes occurring 
on several timescales. 

If we now form 27-day running averages of the data presented above, we obtain 
Figure 6 through 9* In these figures we again see the strong effects of solar rotation- 
to-rotation variability of the electron fluxes. This effect is particularly noticeable in 
the data for the more energetic electrons and stands out particularly well in late 1976 
- early 1977. Also visible is a semi-annual variation in the energetic electron fluxes, 
with a maxima found near the equinoxes and minima near the solstices. To be sure, 
the moves of the spacecraft complicate the determination of the amplitude of this 
variation but it appears that the semi-annual variation is comparable to, if not greater 
than, the longitudinal effect. The semi-annual variation in the electron flux is 
presumably but a reflection of the well known semi-annual variation in geomagnetic 
activity (Ref. 17). 


in. Average Fluxes and P(F> F^^) Distributions 

Using the data base discussed above, we have computed the probability distri- 
butions P(F) and P(F> F^) m a manner analogous to that first described by in Ref. 18. 
P(F^F^) is the probability of observing a flux greater than F^ for some particular 
energy threshold, while P(F) is the differential probability distribution. These curves 
have been computed for the several time intervals of interest and are presented as 
Figs. 10 through 15. Also computed, and indicated on the figures are u, the mean of 
logloFj Jj ^°8l0 mean flux and s, the standard deviation about u. Note, 

from the P(F) curves that the distribution is not necessarily gaussian in log^^F, in 
contrast to assumptions made in analyses of earlier data sets. 
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Table II summarizes the data presented in Figs. 10-15, while Fig. 16 presents 
spectra of the average flux for the various longitudes and time intervals covered by 
our data, together with the spectrum predicted by the AE-4 model (Ref. 9, 10). The 
points noted below can serve as a summary of our findings. 

I 

1. At energies greater than about 1.5 Mev, the ATS-6 data indicate the 
presence of a somewhat harder electron spectrum than the AE-4 model 
would predict. At energies below 1.5 Mev, our data indicate, in 
general, fewer electrons than AE-4. These conclusions are, however, 
tempered by the fact that the electron fluxes are highly variable and one 
can find significant time intervals (for example the late 1966 - early 
1967 interval illustrated in Figs. 14 and 15) where the spectral shape at 
the higher energies approached that which one might expect from AE-4. 

2. Longitudinal effects (caused by differences in magnetic latitude) in the 

mean flux are relatively minor. This conclusion must be tempered hy the 
fact that no systematic analysis of simultaneous observations made at 
several longitudes has yet been carried out. Theie is some limited 
evidence (based on ATS-l/ATS-6 comparisons, Refs. 3, 12) that 

longitudinal flux differences (1 50°W/94'^VV) may be as large as a factor of 
two. 

3. Although the mean fluxes observed may not be similar, the probability 
distributions P(F^ F^) differ show systematic differences because there 
are far more flux dropouts off the equator. The differences sme 
significant only near the P(F>F^) & 1 axis. 


IV. Diurnal Variations 


It is of interest to compare the diurnal variations observed at the several 
longitudes and at the several particle energies. The mean flux for the three available 
longitudes is presented in Fig. 17, 18, 19 as a function of local tune. As had been 
found previously (Ref. 11), the diurnal variation is larger at the higher electron 
energies. There does not seem to be any significant systematic change of the diurned 
variation with longitude. 
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TABLE H 


COMPARISON OF ATS-6 DATA AND AE-4 MODEL 
MEAN FLUX (cm"^sec“^) 



ATS-6 

AE-4 

94°V^>) 


140'^W, 

Energy 

Day 166, 74-Day 140, 75 

Day 180, 75-Day 214, 76 

bay 137, 76-Day 210, 76 

Day 330, 76-Day 120, 77 


> 140 keV 

£.35 X 10^ 

5.29 X 10^ 

4.54 X 10^ 

4.16 X 10® 

1.66 ji 10'^(>1S0 kev) 

> 700 keV 

5.01 X 10® 

5.50 X 10® 

4,17 X 10 

2.45 X 10® 

1.76 X 10® 

> 1.55 Mev 

1.32 X 10^ 

1.35 X 10® 

7.76 X 10^ 

5.37 X 10^ 

1.75 X 10® 

),3,9 Mev 

6.46 X 10^ 

2* 

6.8 X 10^ 

1.2S X 10^ 

77.6 

1.7 X 10^ (>3.6 Mev) 


♦ 


Day 90, 76 - 214, 76 only 







V. 


Effects of the Interplanetary Medium on Energetic Electrons 


We had earlier discovered (Ref. 14) that the flux level of the energetic 
electrons at the synchronous orbit - and therefore presumably the flux of energetic 
electrons in the entire outer magnetosphere - was modulated by the passage of the 
sector boundaries of the interplanetary magnetic field (IMF) past the earth. Bnefly> 
we found that the flux levels were higher during northern hemisphere fall when the 
earth was immersed in a positive sector than during the passage of a negative sector of 
the interplanetary magnetic field. Conversely, in the spring, negative sectors served 
to generate higher energetic electron fluxes. This finding was found to be m 
agreement with the picture of solar wind-magnetosphere interaction proposed by 
Russell £uid McPherron (Ref. 17). 

The findings described above were based on a very limited set of data. In the 
past year we have attempted to confirm and extend our conclusions using the more 
than ZH years of data presently available. The relevant points can be seen by 
examining Figures 2-5, where we have plotted the daily averages of the energetic 
electron fluxes, together with the sector structure of the interplanetary field (see the 
caption of Figure 2 for explanation of IMF data presentation). It ceui be seen from 
these figures that the sector structure of the interplanetary field provides the 
dominant modulation of electron fluxes. Our conclusion that higher fluxes result in the 
faJl from + sectors than from - sectors (and that the converse holds true in the spring) 
can be verified by inspection of these figures. We are now in the process of trying to 
assess more quantitatively the relationship between the vector of the interplanetary 
field and the velocity of the solar wind and the generation of energetic particles in the 
magnetosphere. 

This study, if successful, may lead to techniques for the quantitative prediction 
of the energetic electron fluxes at the synchronous altitude, using as input solar wind 
and IMF data. It appears that using data on the local (i.e. near earth) solar wind, 
radiation fluxes could be predicted several days in advance because of £tn apparent 
time lag between changes in interplanetary conditions and the generation by 
m agnetospheric processes of energetic electron fluxes. Should our knowledge of solar 
physics, i.e. our understanding of the structure and properties of coroned holes and the 
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solar wind advance sufficiently, then solar data, coupled with an appropriate 
understanding of interplanetary transport processes, might enable radiation predictions 
to be made of the order of a week ahead of time. 

We mention this potential benefit, because it is clear that in the future, 
applications spacecraft of many varieties are likely to proliferate in the synchronous 
orbit (see Refs. 1 auid 2, for example), emd modest advances in radiation prediction - 
particularly for manned spaceflight applications, may yield extremely beneficial 
results. 


VI. Future Work 


We plan to update and revise this report as additional ATS-6 data are reduced 
and analyzed. At the time of writing (August 197V) the experiment continues to 
function well. With luck (and NASA’s continued interest) ATS-6 will cover the rising 
portion of the solar activity cycle and provide unique data in this respect. 

In addition, we plan to analyze ATS-1 data, which were acquired siraultcuieously 
with ATS-6 during portions of 1974, 1975 and 1976. The comparison between data 
from spacecraft fixed in longitude (ATS-1) and the ATS-6 which sampled a range of 
longitude-should'provi'de definitive information of the variation of the properties of the 
electron radiation with longitude at the synchronous orbit. 
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Figure Captions 


Figure 1. 


Figure 2. 


Figure 3; 


Figure 4. 


Figure 5. 


Figure 6. 


Figure 7- 


Figure 8- 


Figure 9« 


Relationship between the intervals of data acquisition on energetic 
electrons at synchronous altitudes by experiments on board ATS 
spacecraft and the 11-year solar activity cycle as defined by the Zurich 
sunspot number 

Daily average fluxes for 1974 for the four channels of ATS-6 electron 
data. The trace at the bottom of each panel gives the sector structure 
of the interplanetary magnetic field as determined by Svalgaard (Ref. 
16). Positive sector days Me indicated by the upper lincj negative 
sector days by the lower line. Days when polarity is mixed are 
indicated by a point falling between the two lines. 

f 

Same as Figure Ij except for 1975. The data for the > 3.9 Mev channel 
are suspect after Day 140j 1975 and have been deleted. 

Same as Figure 1, except for 1976. The data for the^ 3.9 Mev channel 
are suspect between Day 1 and Day 90 and have been deleted. 

Same/as Figure 1, except for 1977. Isolated days of data are indicated 
by unconnected points. 

Running 27 day average electron fluxes for the four channels of ATS-6 
energetic electron data obtained in 1974. Interplanetary magnetic field 
sector structure is indicated on each panel of data (see Fig. 2 caption 
for explanation). 

Same as Figure 7, for 1975. E>3.9 Mev data after Day 140 is suspect 
euid have been deleted. 

Same m Figure 7, for 1976. 3.9 Mev data between Day 1 and Day 90 

are suspect and have been deleted. 

Same as Figure 7, for 1977. 
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Figure 10. 


Figure 11. 


Figure 12. 


Figure 13. 


Figure 14. 


Figure 15. 


Normalized differential probability P(F) of observing a flux for the 
four ATS-6 electron channels during the interval Day 165, 1974 to Day 
140, 1975 -when ATS-6 was located at 94°W. This figure was 

constructed by sorting the observations into bins 0.1 wide in logjQ F^. 
Data for all local times are included. The electron energies are El: 

140-600 kev, E2'^ 700 kev, E3'^ 1.55 Mev and E4^3.9 Mev. The units of 
-2 -1 

F are cm sec for all channels except El where the units are 
* 2 -1 .-1 

cm sec sr instead. The notation “ALL” on the figure indicates 
that all polarities of the interplanetary magnetic field are included in 
this analysis. The column U gives the mean of the logarithms of the 
(hourly average) fluxes during this interval, the column J gives the 
logarithm of the mean flux and S is the logarithm of the standard 
deviation from D. 

The data of Figure 10 are presented as integral probabilities P(F^ F^) of 
observing a flux greater than during the Day 165, 1974 to Day 140, 

1975 time interval. All other comments apply. 

Same as Figure 10, except the time interval is Day 180, 1975 to Day 
214, 1976 where ATS-6 was located at 35°E. The E4 curve contains 
data from the interval 90, 76 to 214, 76. 

The data of Figure 12 are presented as integral probabilities of 
observing a flux greater than F^ during the Day 180, 1975 to Day 214, 

1976 time interval. All other comments apply. 

Same as Figure 10, except the time interval is Day 330, 1976 to Day 
120, 1977 where ATS-6 was located at 140*^W. The prominent peak m 
E4 near an apparent flux of & 10 cm”^sec~^ is due to the galactic 
cosmic ray background (see Appendix A) because the energetic electron 
flux was very low during this time period -sea Figures 4, 5, and 8, 9. 

The data of Figure 14 are presented as integral probabilities of 
observing a flux greater than during the Day 330, 1976 to Day 120, 

1977 time interval. All other comments apply. Note that for a flux of 
15 cm''^ sec in the E4 channel all "electrons" are really galactic 

cosmic rays or their products. 
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I'igure 16. 


Figure 17. 


Figure 18. 


Figure 19. 


Electron energy spectra constructed using the average fluxes for each 
time interval indicated. The fluxes measured in the 140-600 keV 
directional cheuinel nave been multiplied by 4nf to obtain a measure of 
the omnidirectional :.ux in this energy interval. The 3.9 Mev point 
associated with the Day 180, 1975 to Day 214, 1976 curve was obtained 
using data from the Day 92, 1976 to Day 210, 1976 interval. 

Diurnal variation of the average electron flux observed during the time 
interval Day 165, 1974 - Day 140, 1975 when ATS-6 was located at 
94°W. 

Same as Figure 17, except that the time interval is Day 180, 1975 to 
Day 214, 1976 when ATS-6 was located at 35°E. The E4 channel is not 
shown- 

Same as Figure 17, except that the time interval is Day 330, 1976 to 
Day 120, 1977. ATS-6 was at 140°W at this time. 
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Appendix A: A Description of Instrument Response 

A full description of the ATS-6 Aerospace Corporation experiment has been 
presented in Ref. 13. Here we summarize, for ready reference, those salient features 
of the instrument response which may be of interest or assistance in interpretation of 
the results presented in earlier portions of this report. 

Instrument Description 

Figure A-1 shows a schematic block diagram of the detector/electronic 
system. The electron channels, El, E2, E3, E4 are derived from Sensors 1-4 
respectively. Figure A-2 shows the experiment. 

Electron Detection 

The responses of the electron channels are illustrated in Figures A-3 and A-4 
respectively. These data, integrated over the angular acceptance angles of each 
detector give the average detector geometric factor as a function of energy. It has 
proven convenient to integrate these energy dependent geometric factors over 
various (assumed) shapes of the incident electron spectrum and finding a threshold {or 
set of thresholds for the El channel) which minimizes the variation of the geometric 
factor with spectral shape. The results are presented in Table A-1. The factors 
given in this table were used to convert from counts to flux above the indicated 
thresholds (or, for El, in the indicated energy interval). 


Proton Contamination 

Proton channels which measure trapped and solar proton fluxes are also 
associated with each detector. In principle, the proton data can be used to correct 
for any proton contamination of the electron data. In practice, we found that during 
the 1974-1977 interval, solar proton activity was very low and no systematic 
correction was required; instead, days of data where some solar proton contamination 
(primarily of the E3, E4 channels) was suspected were rejected from the analysis. 
The sporadic fluxes of low energy (several Mev) trapped protons which we 
occasionally observed did not have any effect on the electron channels. Galactic 
cosmic rays and the products generated by their interaction with the spacecraft gave 


- 71 - 



rise to a significant background in the E4 channel. This background has a diurncil 
signature characteristic of cosmic rays {i.e. a_maxi_mum near local -midnight ' and a 
minimum near-local lioon).' During time periods when the trapped electron flux was 

low, for example the late 1976 - early 1977 time period, this background can be 

-2 —1 

clearly visible in the E4 data (see Fig. 5) cis an apparent flux of }s 10 cm sec . The 
true flux IS more likely » 5 cm ^sec ^ because the geometric factor of the E4 channel 
for these very energetic, minimum ionizing particles is a factor of two larger than 
quoted in Table A-1. This background has not been subtracted from our results; 
although of galactic origin, the radiation masquerading as "energetic electrons" is 
always present at the synchronous orbit, is practically indistinguishable from 
energetic electrons, and may be of some practical consequence as an ever-present 
background. ’ 

Bremsstrablung Effects 

During our calibrations, the brerasstrahlung efficiencies of the BZ, E3, E4 
channels were measured. Upper limits for the efficiencies were determined; those 
upper limits fall well below 10”^ relative to the direct detection of electrons. In all 

cases, we find that the galactic cosmic ray background exceeds that which might be 

/■ 

generated by bremsstrablung. 

Accuracy of Results 

The dominant source of error in this experiment arises because of the 
uncertainty, estimated to be ST 20%, in the geometric factors. All other experimental 
sources of error are minimal. While, under some circumstances, counting statistics 
may contribute additional uncertainty, in this paper we are dealing with long term 
flux averages which effectively eliminate counting statistics on an error source. It is 
important to reiterate that our measurements deal with a high variable phenomenon 
characterized by significant deviations from the mean. Comparisons of our results 
with those of others need to take this into account and also recognize that imporant 
long term effects (related to the 11 year solar cycle) in the structure of the radiation 
belts exist. 
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TABLE A-1 

Omnidirectional Geometric Factors 


Channel 

Passband or 
Threshold (Mev) 

6-G 

El 

0.140-0.600 

0.115 cm^sr 

E2 

0.700 

0.00349 cm^ 

E3 

1.55 

0.0176 cm^ 

E4 

3.90 

0.0688 cm^ 
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Appendix Figure Captions 


Figure A-1 
Figure A-2. 

Figure A-3. 
Figure A-^. 


Schematic block diagram of detector/electronic system. 

Overall view of the energetic particle spectrometer on ATS-6. 
Directioncd detectors {El channel) are housed inside the cylindrical 
collimator structure in the foreground. 

Efficiency of detection of electrons in the El channel. This channel has 
a nominal energy sensitivity of 140-600 keV. Sensitivity of this channel 
below the nomined electronic threshold is associated with the finite 
noise of the detector. 

Effective area of the E2, E3 and E4 electron channels as a function of 
electron energy. This effective area, when integrated over the angular 
response of the detector, yields the omnidirectional geometric factor. 
Bremsstrahlung efficiencies fall well below lower limits of this figure. 
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